It is the low dielectric constant that makes NKN particularly useful in "high" frequency applications while it is the high coupling coefficient that is necessary for transducers.
Obtaining pure, high densityNKN, is usually accomplished by hotpressing.3N~~is produced when raw materials. are calcined to bring about the following reaction:
1/4 Na2C03 + 1/4 KZC03 + 1/2 Nb20S + (Nao.sKo.s)Nb03 + 1/2 COz (1) However, it is important to note that the common practice for preparing the above batch for calcining is to add small amounts (up to 2 mole %) excess of each carbonate.
Egerton and Dillon2 added 0.1 mole % excess while Stannek4 added~.5 mole % excess of each carbonate. Stannek ex-.~p lained that this was done to eliminate the formation of a second phase, (NaK)NbaOzl which formed during calcination of the stoichiometrically mixed materials. Stannek also tried nitrates as starting materials and found th~t the second phase could be eliminated by adding 1.3 
Mixing was done in a polyethylene container with teflon media.
Mixing time was 24 hours. Next, the mixed powders were fired in air for 20 hours at 450°C to eliminate organic impurities pickad up during processing.
.This created a liquid phase which caused the particles to agglomerate.
Further grindi~g was not needed because the liquid phase reformed during calcining and intimate contact between nitrate and Nb20S particles was maintained.
To produce doped NKN for sintering, Ba(N03)2 was used. From ionic radii data it is believed that Ba+2 substitutes for either Na+ or K+ in the perovskite lattice, the A-sites (see Fig. 3 ).
+2 For each .Ba ion
+ + that is substituted, a vacancy of either Na or K oc.curs.
The reaction for producing 1 .0 mole % BaO doped NKN is:
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B. Calcining and the Reaction Studies
Calcining was done in air and oxygen at 850°C for two hours. This time and temperature was selected because Stannek4 found it to be optimum for his carbonates.
Crystal phases in the fired powder was checked using X-ray diffraction analysis.
;-For the first calcining runs, small amounts of NKN were loosely placed in the bottom of a covered platinum crucible. The results of X-ray analysis showed single phase NKN. Later larger quantities of powder and cold pressed one inch diameter, one inch high pellets were calcined.
The results for the powder are shown in Fig. 4 . The X-ray patterns are included in the figure to show this gradient.
To eliminate this. second phase, mixtures with varying amounts (up to 2 mole %) of excess nitrates were calcined. The second phase was still present.
Because the interior of the calcining compact contained the second pliase, calcining in thin sections to allow for gas escape was tried, assuming the gas reaction product inhibited the reaction. In order to obtain more material per firing, plates of fused silica were used.~e plates were six inches square and were used to support.platinum foil on which thin coatings of the mixed oxides were placed forming a shallow bed. The results of this method of calcining are shown in Fig. 5 .
Again, as the. depth of the material increased, the second phase concentration increased. Also, the. single phase material was crusty and hard and appeared to have formed from a melt, while the two-phase sections were unagglomerated and easily crushed.
To better understand the calcining reactions, two thermogravimetric analyses were run on the dry mixed materials at heating rates of 2 1/2°C
and 12°C per minute.
The results showed that only one major loss of weight occurred which coincided with the decomposition of the nitrates and was quanti tati vely predictable according to Eq. .(2) .
The data also showed that at the slow heating rate; the decomposition was complete at about 700°C, compared to 830°C for the faster heating rate.
Differential thermal analyses of the mi~ed powders were also done.
The results are shown in Fig. 6 . It is evident from the data that the degree of packing of the powder before calcining has a marked effect on the react ion.
At 690°C an endothermic and exothermic reaction take The gradient firing experiment was done in a furnace designed to keep the temperature gradient between the center and exterior of the sample constan,t. For example, for an endothermic reaction, the heating rate is slowed down until the reaction is completed. The gradient firing data is shown in Fig. 7 . When the decision to study the NaNbOg system was made, the calcining experiments, the DTA studies, and the thermogravimetric analyses had already been done on the NKN materials. The gradient firing experiment served to show that the reactions occurring in the NaNbOg and the NKN systems are analgous.
C. Sintering Studies
Each of the different batches of calcined single phase NKN, doped and undoped, was ground for 50 hours in a polyethylene container with teflon media to reduce particle size. This was followed by air firing at 450°C for 20 hours. Next the powder was passed through a 325 mesh screen and average particle size of 4.2 microns was determined using the "Fisher Sub Sieve Sizer."
The powder agglomerated easily so that no binding agent was needed in cold pressing. One-half inch diameter by one-eighth inch high pellets were cold pressed at 40,000 psi. Density determinations were made by two methods, mass volume measurements and mercury immersion. to form NaNbOs.
-16-powder containing 3 mole % excess Nb20S to keep the system on the high niobi urn side of the phase di.agra.m.
Sintering was done in a kanthal wound f'urnace that was designed for loading and quenching from the hot zone in less than 10 seconds.
Before insertion into the hot zone, the loaded crucible was evacuated in a dessicator and then filled with oxygen gas. After ea.ch insertion into the hot zone, 30 minutes were allowed for the specimens to reach the sintering temperature.
Fracture surfaces of pellets coated with a thin platinum-palladium layer to prevent charging were observed with the scanning electron microscope .to study their microstructure.
Also, one sample of 44> x >37 micron sized NKN,. undoped and in a hand pressed pellet was sintered in the hot-stage of the microscope.
Photos were taken at 100°to 150°intervals up to 11000C.
X-ray diffraction patterns were determined for the sintered pellets showing that they were still single phase NKN.
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III. RESULTS AND DISCUSSION
A. ' Calcining Reactions
The X-ray diffraction pattern for pure single phase NKN as indexed by Stannek4 is shown in Fig. 8 Concerning the reactions occurring during the calcining of NKN, it is less complicated to study the NaNbOg system for phase identification.
Pure NaNbOg is shown in Fig. 9 , along with a typical calcined specimen broken down into various regions. No~the increasing concentration of the second phase and howsimi,lar the gradient is to that of NKN in ' Fig. 4 .
In Fig. 10 the X-ray diffraction pattern of NaNbOg with a high concentration of the second phase is shown. Also shown is the pattern for, Na2Nb e021 .
It i$ evident that Na2Nba021 is the second phase present.
Based on the X-ray patterns taken at various temperatures, and the DTA patterns, a possible reaction series has been postulated.
The following is the reaction series. At about 150°C the moisture in the powder 'evaporates and the s'ystem remains unchanged lintil'2'4ooc when the nitrate compounds melt. As 600°C is approached, the nitrates and Nb20S start reacti,ng endothermically to form Na2Nba021 for the NaNOg-Nb20S system and (N8.K)Nbe021'fo:r the ternary system.' 'The temperature of this reaction is lower in the gradient run because only NaNOg is present put the order and magnitude of the peaks are the same as the " ;. X-ray patterns for NaNb03 (contain~ng second phase) and Na2Nbe021.
I .
-21-DTA analyses for NKN material.
From X-ray patterns shown jn Fig. 11 , the (NaK)Nb eO21 is forming at the expense of Nb 205 and the nitrates.
But
loss of weight doesn't occur in the NKN system until a slightlyhigher temperature, 615°C.
At some temperature above 600°C the first NKN peaks appear and as temperature increases to 700°C, the NKN phase continued to grow at the expense of the (NaK)Nbe021
phase.
If the reaction goes to completion then all the (NaK)Nbe021 should convert to NKN.
The reason for the concentration gradient of (NaK)Nba021 appearing in this system is a diffusion problem and is shown in Fig. 12 .
Initially, at just under 600°C the pellet or powder compact of raw materials has formed a solid solutionof (NaK)Nb S021 and (NaK)O, or (NaK)NO 3 liquid.
As the temperature increases, the nitrate gases leave the system (accounting for the weight loss). A. +2 0.0 mole percent Ba B. 0.5 " " " C. 1.0 " " " D. 4.0 " " " Fig. 19 .
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Scanning electron microscope pictures of fracture surfaces of NKN pellets sintered for 10 hours at 11000C in oxygen. 
